A series of diarylpyrazolecarboxylates and carboxamides were prepared, and their herbicidal activities were investigated. Some of these compounds showed noticeable pre-emergent herbicidal activities against various kinds of weeds. Among the synthesized compounds, methyl 4-chloro-1-(2,5-difluorophenyl)-5-(4-flurophenyl)-pyrazole-3-carboxylate 19t exhibited good activity. Diarylimidazolecarboxylates and carboxamides were also synthesized, but they did not show any herbicidal activities.
Pyrazole and imidazole compounds have attracted great interest in agrochemicals and drugs. 1) Aryl group substituted pyrazoles and imidazoles, in particular, have been studied because their biological activities are strongly dependent on their substituents on the pyrazole ring system. 1,5-Diaryl substituted pyrazole (SR141716A, 1), which has a hydrazide group on the 3-position of the pyrazole ring, has recently been synthesized and identified as the first antagonist for the cannabinoid receptor.
2) A 3-trifluoromethyl group substituted 1,5-diarypyrazole derivative (SC-558, 2) was reported to be a new class of selective inhibitors of cyclooxygenase-2 (cox-2). 3) As an agrochemical, 1-arylimidazole, which has a carboxylic ester group on the 4-position of the imidazole ring (3), was reported to be a herbicide antidote. 4) 1,5-Diaryl substituted 1,2,4-triazole-3-carboxamide, previously known as flupoxam (4), 5) is a selective herbicide against broadleaf weeds, and is completely safe against wheat (Fig. 1) . We focused on the synthesis of 4-nonsubstituted or 4-chloro-substituted pyrazolecarboxamides (5 or 6), and 5-nonsubstituted or 5-chloro-substituted imidazole carboxamides (7 or 8) and sought to learn their herbicidal activities (Chart 1).
It was speculated that 1,5-diarylpyrazoles could be synthesized by condensation of arylhydrazines and aroylpyruvates, which were prepared from acetophenone derivatives and dimethyl oxalate. An arylhydrazine having the same substituents as flupoxam (4) was synthesized as shown in Chart 2. 2-Chlorobenzyl chloride (9) was treated with potassium nitrate and sulfuric acid to give the nitro-form (10) . Introduction of a 1,1,1,2,2-pentafluoropropyl group was performed with the reaction of compound 10, the corresponding alcohol, and potassium hydroxide. Reduction of the nitro group of compound 11, without cleavage of the benzylic ether moiety, was accomplished with zinc powder in 90% acetic acid to afford the aniline derivative (12) . Conversion of amino group into hydrazine proceeded by diazotization, followed by reduction with stannous chloride, 6) giving rise to the desired aryl hydrazine (13a) in good yield. With hydrazine in hand, compound 13a was condensed with benzoylpyruvate (15a), which was prepared from acetophenone (14a) and dimethyl oxalate, 7) to give the desired 1,5-diarylpyrazole 16a in 93.1% yield, along with 1,3-diarylpyrazole 17a in 3.2% yield (Chart 3). These two isomers can be easily separated by silica gel column chromatography, and can be readily distinguished by their NMR spectra, because it is reported that the pyrazole C-4 proton in the 1,5-diarylisomer always resonates in a higher field than that in the 1,3-diarylisomer. 8) Conversion of the ester group to an amide group was accomplished using ammonium chloride and trimethyl aluminum in benzene at 60°C 9) to give the desired pyrazole analogue of flupoxam (5a). A longer reaction time or a higher temperature afforded the corresponding cyano-form (18a) along with 5a. 10) Compound 16a was chlorinated with sulfuryl chloride to afford 19a. Compound 19a was converted to the desired 4-chloro substituted pyrazole analogue of flupoxam (6a) by the reagent generated from ammonium chloride and trimethylaluminum (Chart 4).
Contrary to our expectation, pyrazole analogues of flupoxam (5a and 6a) did not show any herbicidal activities. But among the other concurrently synthesized derivatives, some 4-chloro substituted pyrazole esters showed slight or moderate herbicidal activities. Therefore, the next objective was optimization of the desired activity. A series of aroylpyruvates (15) , prepared from corresponding acetophenones (14) , were condensed with arylhydrazines (or their hydrochloride salts) to give 1,5-diarylpyrazole 16 (Chart 5). Treatment of 16 with sulfuryl chloride provided the chloride 19, which was transformed into amide-form (6) using ammonium chloride and trimethyl aluminum together with cyanoform (20). A variety of pyrazole derivatives were synthesized in this manner. The results of these syntheses are shown in Table 1 . Characterization data for new pyrazoles prepared during the course of this work are given in Tables 2-7 .
Various ester and amide derivatives were synthesized as depicted in Chart 6. Hydrolysis of esters 19g and 19t afforded carboxylic acids 21g and 21t, respectively, which readily reacted with alcohols or amines in the presence of Mukaiyama's reagent, 11) or substituted alkylhalides and potassium carbonate to yield the corresponding esters or amides (22). Reduction of the ester group using diisobutylaluminum hydride gave hydroxymethyl-derivative (23t). These results are summarized in Table 8 .
Bromo-containing derivative was synthesized from 16t with bromine instead of sulfuryl chloride (Chart 7).
Next, we planned to synthesize the imidazole analogue of flupoxam. It seemed difficult to synthesize the most direct imidazole analogue that has the same substituents as those of flupoxam, and 1-(3-methylphenyl)-1-phenyltriazole-3-carboxamide (triazofenamide, 25) was reported to be useful as a herbicide (Fig. 2) .
12) Therefore, we decided to synthesize imidazole analogues that have simple substituents as depicted in Charts 8 and 10. Benzamide oxime (26) smoothly reacted with methyl propiolate to give an adduct 27, which was converted to imidazolecarboxylate (28), via [3, 3] -sigmatropic rearrangement and subsequent dehydration, simply by heating in diphenyl ether. 13) Introduction of the other aromatic group was performed by treatment of 28 with 4-fluoronitrobenzene or 5-fluoro-2-nitrotoluene to afford 29 as a single isomer.
The structures of 29 were determined to be 1,2-diarylimidazole-4-carboxylate, and not 1,2-diarylimidazole-5-carboxylate, because the reaction of 2-methylimidazole-5-carboxylate (30) and 2,4-dinitrofluorobenzene reportedly afforded 1-(2,4-dinitrophenyl)-2-methylimidazole-4-carboxylate (the attack took place from the A-side) as shown in Chart 9.
4) It seems that 2,4-dinitrofluorobenzene attacked from the less sterically hindered A-side, rather than the B-side. Reduction of the nitro group with stannous chloride 14) afforded anilines (32), which were allowed to react with sodium nitrite and hypophosphorous acid 15) to give 33. Chlorination with sulfuryl chloride gave chlorides 34. Compounds 34 were treated with ammonium chloride and trimethylaluminum to yield the desired imidazole analogue of triazofenamide (8) , together with nitriles 35.
Biological Results
The comparative herbicidal activity of the synthesized compounds was measured at the whole plant level via a greenhouse assay. Some tested compounds showed good activity against barnyardgrass (Echinochloa oryzicola Vasing). The effects of substituents of the phenyl group on herbicidal activity are listed in Table 9 . Pyrazole analogue of flupoxam (5a and 6a) did not show any herbicidal activity, and the other pyrazole amide derivatives did not give satisfactory results. Compound 19b, which has no substituent on the phenyl ring, exhibited a relatively high level of activity. The introduction of a chlorine atom (19l) or a methyl group (19c, o) to the aromatic ring slightly decreased the herbicidal activity; the introduction of a methoxy (19h) or nitro group (19i) gave no herbicidal activities. Replacement of the phenyl ring by a pyridine ring (19j, k) had a negative effect on the activity. But the introduction of two fluorine atoms into the 1-phenyl group and one fluorine atom into the 5-phenyl group gave the best result for enhancing its activity against all weeds (compound 19t). The substitution of a chlorine atom on the 4-position of the pyrazole ring to a bromine atom (24) reduced the activity. Hydoxymethylsubstituted compound (23t), which was prepared by reduction of the corresponding ester (19t) showed decreased herbicidal activity. Carboxamide compounds (6g, t) proved to be less active than the corre-sponding ester compounds (19g, t), but the introduction of a methyl or methoxy group into the carboxamide group increased the herbicidal activity (22a, b) ( Table 9 ). Introduction of an aniline group decreased total herbicidal activity (22d, e). Modification of the ester moiety tended to maintain the herbicidal activity, but the activity moderately dropped off with increasing size of the ester substituents (22i, j, k). The isopropylester compound (22k) was not sufficiently active. The alkoxycarbonylalkylester compounds (22m, n, o, p) tended to maintain the activity, while the alkoxyalkylester compounds (22q, r) showed high herbicidal activity against Lindernia pyxidaria L. (LP), Cyperus serotinus ROTTB. (CS), and Eleocharis kuroguwai OHWI (EK), but modest activity against Echinochloa oryzicola VASING (EO). Contrary to our expectation, imidazole ester (34) and amide (8) derivatives did not show satisfactory herbicidal activity.
In summary, some synthesized pyrazole-3-carboxylates showed acceptable levels of herbicidal activity and selectivity to transplanted rice. Although several compounds were investigated more fully in the greenhouse, none were consid- ered to be worthy of detailed field evaluation.
Experimental Synthesis All melting points (mp) are uncorrected. Infrared (IR) spectra were measured on a Perkin-Elmer 1600 spectrometer.
1 H-NMR spectra were recorded at 200 MHz on a Varian Gemini 200 spectrometer with tetramethylsilane as an internal standard. Mass spectra (MS) and high-resolution mass spectra (HRMS) were obtained with a JEOL JMS-D300 mass spectrometer and a VG Auto Spec M mass spectrometer.
4-Chloro-3-(2,2,3,3,3-pentafluoropropoxymethyl)nitrobenzene (11) 11 was prepared according to the method described in reference 5.
4-Chloro-3-(2,2,3,3,3-pentafluoropropoxymethyl)aniline (12) Zinc powder (8.00 g, 122 mmol) was added to a solution of 11 (4.07 g, 12.75 mmol) in 90% acetic acid (AcOH) (30 ml) at 0°C and the resulting mixture -3-(2,2,3,3,3-pentafluoropropoxymethyl) phenylhydrazine (13a) Aniline 12 (1.18 g, 4.08 mmol) was diazotized with NaNO 2 (302 mg, 4.38 mmol) in concentrated HCl (8 ml), the resulting mixture was added to a solution of SnCl 2 · 2H 2 O (2.85 g, 12.63 mmol) in concentrated HCl (10 ml) at 0°C and the reaction mixture was stirred for 1.5 h. The reaction mixture was poured into saturated aqueous K 2 CO 3 and extracted with AcOEt (ϫ3). The combined extracts were washed with brine (ϫ1), dried over MgSO 4 , and evaporated. The residue was subjected to silica gel column chromatography Methyl Benzoylpyruvate (15a) Methyl benzoylpyruvate (15a) was prepared from acetophenone (14a) and dimethyl oxalate according to reference 7.
4-Chloro

Methyl 1-[4-Chloro-3-(2,2,3,3,3-pentafluoropropoxymethyl)phenyl]-5-phenylpyrazole-3-carboxylate (16a) and Methyl 1-[4-Chloro-3-(2,2,3,3,3-pentafluoropropoxymethyl)phenyl]-3-phenylpyrazole-5-carboxylate (17a)
A solution of 13a (855 mg, 2.81 mmol) and 15a (527 mg, 2.56 mmol) in AcOH (25 ml) was heated under reflux for 2 h. The reaction mixture was poured into a saturated aqueous NaHCO 3 solution and extracted with AcOEt (ϫ3). The combined extracts were washed with brine (ϫ1), dried over MgSO 4 , and evaporated in vacuo. The residue was subjected to silica gel column chromatography to give 1.13 g (93.1%) of 16a as a light yellow oil and 39 mg (3.2%) of 17a as a yellow oil. 16a: 1 1-[4-Chloro-3-(2,2,3,3,3 -pentafluoropropoxymethyl)phenyl]-5-phenylpyrazole-3-carbonitrile (18a) A 1.01 M solution of trimethyl aluminum in hexane (8.0 ml, 8.08 mmol) was added to a suspension of NH 4 Cl (454 mg, 8.49 mmol) in benzene (12 ml) and the mixture was stirred at room temperature for 1 h. To the resulting mixture was added a solution of 16a (398 mg, 0.838 mmol) in benzene (4 ml) at room temperature and the mixture was stirred at 60°C for 1 h. The reaction mixture was poured into diluted HCl and extracted with AcOEt (ϫ3). The combined extracts were washed with brine (ϫ1), dried over MgSO 4 , and evaporated in vacuo. The residue was subjected to silica gel column chromatography to give 158 mg (40.9%) of 5a as a white powder and 195 mg (52.6%) of 18a as a white amorphous. -1-[4-chloro-3-(2,2,3,3,3-pentafluoropropoxymethyl) phenyl]-5-phenylpyrazole-3-carboxylate (19a) SO 2 Cl 2 (0.16 ml, 1.99 mmol) was added to a solution of 16a (418 mg, 0.88 mmol) in dichloromethane (12 ml) and the resulting mixture was stirred for 6 h. The reaction mixture was poured into saturated aqueous NaHCO 3 and extracted with CH 2 Cl 2 (ϫ3). The combined extracts were washed with brine (ϫ1), dried over MgSO 4 , and evaporated in vacuo. The residue was subjected to silica gel column chromatography to give 417 mg (92.9%) of 19a as a white powder, mp 120-122°C. The physical data of the compounds 16b, 16) 16h, 17) 16i 16) has been reported. covered with 1 cm of soil, and then Oryza sativa L. that had reached the twoleaf stage was transplanted. For the herbicidal test, wettable powders were prepared by mixing the compounds (10%), Emulgen 810 (surfactant; 0.5%), Demol N (surfactant; 0.5%), Kunilite 210 (diatomaceous earth; 20%), and Dieclite CA (clay; 69%). Each compound, formulated as a wettable powder, was applied 3 d after the seeds had been sown. Approximately 3 weeks after treatment, the herbicidal activity of each compound was judged by visual observation of the symptoms of treated plants in comparison with untreated controls. According to the extent of the injury of plants, the herbicidal potency was scaled from 0 to 5 using the following criteria: 5, Ͼ91% growth inhibition; 4, 71-90% growth inhibition; 3, 51-70% growth inhibition; 2, 31-50% growth inhibition; 1, 11-30% growth inhibition; 0, growth inhibition Ͻ10%.
